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Process for preparing a macrolide 



This invention relates to a process for the 
preparation of the macrolide 20-dthydro-20,23- 
dideoxytylonolide, which will be called tylac- 
tone for convenience hereinafter. Tylactone has 
the structure /: 



0 




It is useful in the preparation of related acyl 
derivatives which have structure 2: 



O 




wherein R and R, — an acyl moiety. 

The compounds of structures / and 2 are 
useful intermediates from which 1 6-membered 
macrolide antibiotics can be prepared. Although 
no stereochemical assignments are indicated in 
the structures given herein, the stereochemis- 
try of the compounds is identical to that of 
tylosin. 

Tylactone can be esterified at the 3- and 5- 
hydroxyl groups to give acyl ester derivatives by 
treatment with acylating agents using methods 
known in the art. The acyl ester derivatives of 
tylactone are useful as intermediates in the pre- 
paration of new macrolide antibiotics. 

Typical acylating agents include anhydrides, 
halides (usually in combination with a base or 
other acid scavenger) and active esters of 
organic acids. Acylation can also be achieved by 
using a mixture of an organic acid and a de- 
hydrating agent such as N,N'-dicyclohexyl- 
carbodiimide. Acylations can also be carried out 
enzymatically using procedures such as those 



described by Okamoto et al. in U.S. 4,092,473;? 
Once formed, the acyl derivatives canV^^" 
separated and purified by known technk:|uel^|^ 
The derivatives can be prepared by: 
5 fication techniques generally known in fte%fj^ 
such as, for example, treatment of the coSir' 
pound with a stoichiometric quantity (or a slfght 
excess) of an acylating agent, such as an acyl 
anhydride, in an organic solvent (for exanrH)le, 

'0 pyridine) at about 0«C to about room tempera- 
ture for from 1 to 24 hours until esterlfication is 
substantially complete. The ester derivative can 
be isolated from the reaction mixture by 
standard procedures such as extraction 

'5 chromatography and crystallization. 

Useful esters are those of organic acids 
including aliphatic, cycloaliphatic, aryl, araikyi, 
heterocyclic carboxylic, sulfonic and alkoxy- 
carbonic acids of from 1 to 1 8 carbon atoms. 

20 and of inorganic acids, such as sulfuric and 
phosphoric acids. 

Representative suitable esters incluae inose 
derived from acids such as formic, acettc 
chtoroacetic, propionic, butyric, isovaleric, glu- 

25 curonic, alkoxycarbonic, stearic, cyclopropane- 
cariDoxylic, cyclohexanecarboxylic, p - cyclo- 
hexylpropionic, 1 - adamantanecarboxylic, ben- 
zoic, phenylacetic, phenoxyacetic, mandelic 
and 2-thienylacetic acids, and alkyi-, aryl- and 

30 aralkyl-sulfonic acids, the aryl- and aralkyl- 
acids optionally bearing substituents such as 
halogen, nitro and lower alkoxy on the aromatic 
moiety. Suitable esters also include hemi-esters 
derived from dicarboxylic acids such as succinic, 

55 maleic, fumaric, malonic and phthalic acids. 

Tylactone can be prepared by culturing a 
strain of Streptomyces fradiae which produces 
this compound under submerged aerobic con- 
ditions in a suitable culture medium until a sub- 

40 stantial amount of the desired compound is 
produced. 

The culture medium used to grow the 
Streptomyces fradiae can be any one of a 
number of media. For economy in production, 

45 optimal yield, and ease of product isolation! 
however, certain culture media are preferred! 
Thus, for example, preferred carbon sources in 
large-scale fermentation include carbohydrates 
such as dextrin, glucose, starch, and com meal 

50 and oils such as soybean oil. Preferred nitrogen 
sources include corn meal, soybean meal, fish 
meal and amino acids. Among the nutrient 
inorganic salts which can be incorporated in the 
culture media are the customary soluble salts 

55 capable of yielding iron, potassium, sodium, 
magnesium, calcium, ammonium, chloride- 
carbonate, sulfate and nitrate ions. 

Essential trace elements necessary for the 
growth and development of the organism 

50 should also be included in the culture medium; 
Such trace elements commonly occur as 
impurites in other constituents of the medium in 
amounts sufficient to meet the growth require^ ■ 
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ments of the organism. It may be necessary to 
add small amounts (i.e. 0.2 ma) of an antifoam 
agent such as polypropylene glycol (M.W. about 
2000) to large-scale fermentation media it 
foaming becomes a problem. 

For production of substantial quantites or 
tylactone submerged aerobic ♦ermentation in 
tanks is preferred. Small quantities o[ ^Vlac one 
may be obtained by shake-flask culture. 
Because of the time lag in production common y 
associated with inoculation of large «anks wrth 
the spore form of the organism, it .s Pref«rat,le 
to use a vegetative inoculum, jh^ vegeta^ve 
inoculum is prepared by '"o^" 
volume of culture medium with t^e spore form 
or mycelial fragments of the organisrn to obtain 
a fresh, actively growing culture of the 
oraanism The vegetative inoculuni is then 
Served to a larger tank. The med,„d 
for the vegetative inoculum can be the same as 
that used for larger fermentations, but other 
media can also be used. 
"%te method of this invention comprises 
culturing a new microorganism which was 
obtained by chemical mutagenesis of a Strepto- 
Tvces ladiae strain which produces tylosin 
The new microorganism produces only m.nirnal 
amounts of tylosin, but produces tylactone as a 

"th^rw^'micToorganism is also classified as a 
strain of Streptomyces fradiae. A «=;i't"re of th.s 
microorganism has been deposited and made 
part of the stock culture collection of the 
Northern Regional Research Center AgncuU 
tural Research, North Central 
North University Street. Peoria, Illinois, 61604^ 
from which it is available to the public under the 
accession number NRRL 12188. 

As is the case with other organisms the 
characteristics of Streptomyces '^^"'f i"'"; 
12188 are subject to sanation For example 
recombinants, mutants or variants of the NRRL 
72188 strain may be obtained by trea'mem 
with various known phys cal and <=hem cal 
mutaoens such as ultraviolet light. X-rays, 
^aSa rays and N-methyl-N'-nitro-N-nitroso- 
JuTnTdine. All natural and induced variants 
Ents and recombinants o Streptomyces 
fradiae NRRL 12188 which retain thej:harac 
teristic of tylactone production are a part of this 

'"TTadiae NRRL 12188 can be grown at 
temperatures between about 10° and about 
40°C Optimum production of tylactone 
appears to occur at temperatures of about 

As' is customary in 3^^°^^**? ^.^^.^I^^'^^ed 
culture processes, sterile air is bubbled through 
the culture medium. For efficient ant.b.ot.c 
production the percent of air saturation for tank 
production should be about 30% or above (at 
28°C and one atmosphere of pressure). 

Production of tylactone can be followed 
during the fermentation by testing samples of 
the broth, using high-performance liquid 
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chromatography with a UVjletect,ons^tem 
[see, for example. J. H. Kennedy in J. C^'"«'<>- 

graphic Scier,ce, ^S^-^^^ <^^^?Lr«Kl 
Following its production under submerged 
aerobic fermentation conditions, tylactonejan 
be recovered from the fermentation me^u^JJV 
methods used in the fermentation art B^CTUse 
of the limited solubility of tylactone in water, it 
may not be altogether soluble in the med.umm 

which it is produced. ^f.^'^^JZ'lx^i!^^ 
therefore, can be accomplished by 1) frt^ctton 
of the fermentation broth or 2) 
fermentation broth and extraction cA bo*^« 
filtered broth and the mycelial cake. A vane^^ 
techniques may be used • 
processes. A preferred te«^»'"«^« 
cation of the filtered broth involves extracting 
the broth (generally without PH ad,ustraefiti 
with a suitable solvent such as amyl acetate^ 
petroleum ether, concentrating the organic 
phase under vacuum to give crystals or an«.l^ 
an oil is obtained, it may be punfied by adsorp- 
tion chromatography. ^ o an, 
The compounds of structures / and 2 are 
useful intermediates from which 16-membered 
macrolide antibiotics can "e prepared For 
example, tylactone (/) can be bioconverted to 
tylosin by adding it to a growing cuKure of a bio- 
converting microorganism. The bioconverting 
microorganism can be a Streptomyces fradiae 
^:ain which either produces tylosm .tseH or s 
capable of producing tylosin except that it is 
blocked in tylactone formation. 

A strain which is capable of producing tylosin 
except that it is blocked in tylactone formation 
can be obtained by treating a tylosin-producing 
strain with a mutagen and screening survivors 
for those which are unable to produce tylosin. 
Those survivors which are unable to produce 
tvin.in are further screened to determine which 
strains are also unable to produce tylactone. 
ThTse strains are identified bv adding tylactone 
to small shake-flask cultures of the selected sur- 
vivors to determine if they ^'^^^^l'^^^^^-^^^ 
Streptomyces fradiae strains NRRL 2702 and 
NRRL 2703 are examples of Streptomyces 
strains which are capable of P[°ducing tylos.rv 
A typical mutagen which may be used to obtain 
the selected strains is N-methyl-N'-nitro- 

"■'"Tr'comptnd of structure / is especiaUy 
useful in the preparation of labeled compounds 
for metabolic studies. By labeling either the 
tylactone portion or the added sugar mo.et.e^ 
the metabolic pathway of tylosin can be 

In'Sde^to illustrate more fully the operation 
of this invention, the following examples are 
provided: 

Example 1 

A Shake-flask Fermentation of Tylactorye 

A lyophilized pellet of Streptomyces frad>ae 
NRRL 12188 was dispersed in 1--Z m or 
sterilized water. A portion of this solution (0.5. 
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ml) was used to inoculate a vegetative medium 
(150 ml) having the following composition: 



Ingredient 



Amount <%) 



Ingredient 


Amount (%) 




Corn steep liquor 


1.0 


Corn steep liquor 


1.0 


5 


Soybean meal 


0.5 


Yeast extract 


0.5 




Yeast extract 


0.5 


Soybean grits 


0.5 


TO 


CaCOj 


0.3 


CaCOg 


0.3 




Soybean oil (crude) 


0.5 


Soybean oil (crude) 


0.45 




Lecithin (crude) 


0.015 


Deionized water 


97.25 


J5 


Water 


97,185 



Alternatively, a vegetative culture of S. 
fradiae NRRL 12188 preserved, in 1-ml 
volumes, in liquid nitrogen was rapidly thawed 
' and used to inoculate the vegetative medium. 
The inoculated vegetative medium was incu- 
bated in a 500-ml Erienmeyer flask at 29°C. for 
about 48 hours on a closed-box shaker at about 
300 rpm. 

This incubated vegetative medium (0.5 ml) 
was used to inoculate 7 ml of a production 
medium having the following composition: 



Ingredient 



Amount {%} 



Beet molasses 


2.0 


Corn meal 


1.5 


Fish meal 


0.9 


Corn gluten 


0.9 


NaCI 


r\ 1 
\j. 1 


(NHJjHPO, 


0.04 


CaCOg 


0.2 


Soybean oil (crude) 


3.0 


Deionized water 


91,36 



The inoculated fermentation medium was 
incubated in a 50-ml bottle at 29*=*C. for about 6 
days on a closed-box shaker at 300 rpm. 

B. Tank Fermentation of Ty lactone 

In order to provide a larger volume of 
inoculum, 60 ml of incubated vegetative 
medium, prepared In a manner similar to that 
described in section A, was used to inoculate 38 
L of a second-stage vegetative growth medium 
having the following composition: 
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The pH was adjusted to 8.5 with 50% NaOH 

solution. 

This second-stage vegetative medium was 
incubated in a 68-liter tank for about 47 hours 

at 29°C. 

Incubated second-stage nnedium (4 L) thus 
prepared was used to inoculate 40 liters of 
sterile production medium having the following 

composition: 



Ingredient 


Amount (%) 


Fish meal 


0.92 


Corn meal 


1.57 


Corn gluten 


0.92 


CaCOj 


0.21 


NaCI 


0.10 


(NH^ljHPO, 


0.04 


Beet molasses 


2.10 


Soybean oil (crude) 


3.15 


Lecithin 


0.09 


Water 


90.90 



The pH was adjusted to 7.2 with 50% NaOH 
solution. 

The inoculated production medium was 
allowed to ferment in a 68-liter tank for about 5 
days at a temperature of 28°C. The 
fermentation medium was aerated with sterile 
air to keep the dissolved oxygen level between 
about 30% and 50% and was stirred with 
conventional agitators at about 300 rpm. 
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Example 2 
Isolation of Tylactone 

Fermentation broth {1600 L), obtained as 
described in Example 1, was filtered using a 
filter aid {3% H/fto Supercel, a diatomaceous 
earth, Johns ManviMe Corp.). The pH of the 
filtrate was adjusted to about 9 by the addition 
of 2% sodium hydroxide. The filtrate was 
extracted with amyl acetate (400 L). The amyl 
acetate extract (which has a high optical density 
reading at 282 nm but no antimicrobial activity) 
was concentrated under vacuum to give an oil. 
The oil was dissolved in benzene (5 L). The 
benzene solution was chromatographed over a 
5.25 X 36 in. silica-gel (Grace, grade 62, 
Davison Chemical Co.) column, packed with 
benzene. Elution is monitored by silica-gel thin- 
layer chromatography, using a benzene:ethyl 
acetate (3:2) solvent system and cone, sulfuric 
acid spray for detection. The column was first 
eluted with benzene to remove lipid sub- 
stances, then with benzene:ethyl acetate (9:1) 
to separate and isolate tylactone. Fractions 
containing tylactone were combined and 
evaporated under vacuum. Tylactone was crys- 
tallized from benzene-hexane or hot hexane to 
give about 2 g, m.p. 162 — 163°C. 

The infrared absorption spectrum of tylac- 
tone in chloroform is presented in the accom- 
panying drawing. 

Tylactone is a white solid which crystallizes 
from hexane or ethyl acetate-hexane and which 
melts at about 162— 163°C. It has the 
following approximate percentage elemental 
composition: carbon, 70%; hydrogen, 9.7%; 
oxygen, 20.3%. It has an empirical formula of 
^23*^3805 3 molecular weight of about 394. 

The infrared absorption spectrum of ty- 
lactone in chloroform is shown in the 
accompanying drawing. Observable absorption 
maxima occur at the following frequencies 
(cm M: 3534 (medium), 2924 (strong), 2398 
(weak), 2353 (weak), 1709 (very strong) 1678 
(very strong), 1626 (small), 1592 (very strong) 
1458 (strong), 1441 (shoulder), 1404 (strong) 
1379 (small), 1316 (strong), 1284 (medium)! 
1181 (very strong), 1143 (strong), 1103 
(medium), 1078 (medium), 1049 (very small), 
1025 (medium), 984 (very strong), 958 
(strong), 923 (medium), 911 (shoulder), 859 
(small), 868 (medium), 840 (medium), 820 
(very small) and 661 (small). 

The ultraviolet absorption (UV) spectrum of 
tylactone in neutral ethanol exhibits an 
absorption maximum at about 282 nm 
(El?. = 560). 

Tylactone has the following specific rotation: 

[a]l^ -55.23° (c 1, CH3OH), 

Electrometric titration of tylactone in 66% 
aqueous dimethylformamide indicates it has no 
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titratable groups. 

Tylactone is nearly insoluble in water^^but, js;;, 
soluble in organic solvents such as acet^?f? 
methanol, ethanol, dimethylfofTnafnid?/,chtora^ 
form, diethyl ether, petroleum ether^^-befiMffH?!-^ 
and dimethyl sulfoxide. '\ sM^^r^^ 

Tylactone can be distinguished froml^^oS^^ ' - 
by Silica-gel thin-layer chroma tograph^-Sulft^- : 
acid spray^ either concentrated or dilute 
may be used for detection.. With' this^ai^ffiw 
system tylactone appears initialty ^^'^^^^^^^ 
to-brown spot. If silica-gel pJates v)^^^^31 
rescent background are used in tfije -chronw^^ 
tography, UV detection is qonvsmimt^^i^ 
approximate Rf values of tyisli^f^f^^ 
summarized in Table 1. /' "'"Z^"' ■ 

TABLE 1 ^ 

Thin-Layer Chromatography of TyfacionS ' 



Rf Value 



Compound 

Tylactone 

Tylosin 



B 



0.50 0.62 
0.0 0.0 



^Medium: Silica gel 

''Solvent: A=:benzene:ethyl acetate (4:1) 
6=ben2ene:ethyl acetate (3:2) 

Example 3 
3,5-Di-O-Acetyltylactone 

Tylactone (200 mg), prepared as described in 
Example 2, was dissolved in pyridine (4 ml). 
Acetic anhydride (4 ml) was added. The 
resulting mixture was allowed to stand at room 
temperature for 16 hours and then concen- 
trated to dryness under vacuum. Methanol 
(5 ml) was added to the residue; the solu- 
tion heated at 60° for \ hour and then con- 
centrated under vacuum to give 3,5-di-O- 
acetyltylactone. This compound has an value 
of about 0.59 on silica-gel thin-layer chroma- 
tography in a benzenerethyl acetate (4:1) 
solvent system. The R, of tylactone in this 
system is about 0.3. 

Examples 4 — 7 

3,5 - Di - 0 - propionyltylactone, prepared 
according to the procedure of Example 3, but 
using propionic anhydride. 

3,5 - Di - 0 - isovaleryltylactone, prepared 
according to the procedure of Example 3. but 
using isovaleric anhydride. 

3,5 - Di - 0 - benzoyltylactone, prepared 
according to the procedure of Example 3, but 
using benzoic anhydride. 

3,5 - Di - 0 - (/7 - butyryOtylactone, prepared 
according to the procedure of Example 3, but 
using /7-butyric anhydride. 
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Example 8 
Preparation of Tylosin from Tylactone 

A Streptomyces fradiae strain which for- 
merly produced tylosin but which was blocked 
in macrolide ring closure was fermented 
according to the procedure described in 
Example 1. Section A, except that a tempera- 
ture of 28°C was used. Tylactone was added to 
the fermentation 48 hours after inoculation. The 
fermentation was then continued until a sub- 
stantial amount of tylosin was produced, i.e. 
about three additional days. The presence of 
tylosin is determined by testing samples of the 
broth against organisms known to be sensitive 
to tylosin. One useful assay organism is 
Staphylococcus aureus ATCC 9144. Bioassay is 
conveniently performed by an automated 
^rbidometric method, by thin-layer chroma- 
Kgraphy or by high-performance liquid chroma- 
tography with UV detection. 

Claims 

1, A process for preparing tylactone, or an 
ester derivative thereof, which comprises culti- 
vating Streptomyces fradiae NRRL 12188, or a 
tyiactone-producing mutant or recombinant 
thereof, in a culture medium containing assi- 
milable sources of carbon, nitrogen, and in- 
organic salts under submerged aerobic fer- 
mentation conditions to produce tylactone, 
followed, optionally, by esterification. 

2. A process according to claim 1 which 
comprises cultivating Streptomyces fradiae 
NRRL 12188. 




Revendications 

1. Proc6de de preparation de tylactone ou 
d'un de ses derives esters, caract6ris6 en €8 

5 qu'il consiste d cultiver la souche Streptomyces 
fradiae NRRL 12188. un de ses mutants ou 
recombinants producteurs de tylactone, dans un 
milieu de culture contenant des sources assimi- 
lables de carbone, d'azote et de sels inor- 

70 ganiques dans des conditions de fermentation 
aerobie submergee pour produire de la tylac- 
tone, cette culture 6tant ^ventuellement suivie 
d une esterification. 

2. Precede suivant la revendication 1, Carac- 
as terise en ce qu'il consiste a cultiver la souche 

Streptomyces fradiae NRRL 12188. 



Patentanspriiche 

20 

1. Verfahren zur Herstellung von Tylacton 
Oder einem Esterderivat hiervon, dadurch 
gekennzeichnet, daB man Streptomyces fradiae 
NRRL 12188 oder eine tylactonbildende Mu- 

25 tante oder Rekombinante hiervon in einem 
Kulturmedium, das assimilierbare Quellen fur 
Kohlenstoff, Stickstoff und anorganische Saize 
enthalt, unter submersen aeroben Fermen- 
tationsbedingungen und Bildung von Tylacton 

30 ziichtet und gegebenenfalls dann eine Ver- 
esterung vornimmt. 

2. Verfahren nach Anspruch 1, dadurch 
gekennzeichnet, daB man Streptomyces fradiae 
NRRL 12188 zuchtet. 
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PROCESS POR PREPARING A MACROLIDE 

This invention relates to a process for the 
preparation of the macrolide 20-dihydro-2p723-dideoxy- 
tylonolide, which will be called ty lactone for" con- 
venience hereinafter. Ty lactone has the structure 1: 



10 =a J'' \ 



88 / ^ /S 

CHo- . 



15 2 



1 

It is useful in the preparation of related 
acyl derivatives which have structure 2: 



/'\ 

t-.O 8|-CH3 



wherein R and R^^ = an acyl moiety. 
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The compounds of structures 1 and 2 are 
. .!™«diates from which 16-membered macrolxde 
useful intermediates fro „^ stereochem- 

.ntibiotics can he P-^-f^^^^^^^^^ given 

ical assignments are indicated in 

herein, the stereochemistry of the 

tical to that of tylosin. ^ 3. 

Tylactone can ""^^^^^^^^ derivatives by 
5-hydroxyl groups to give ^^^^^^^ 
4.«on<- with acylating agents using » 

« ir«Ja.a.es in tHe preparation o. new 

C""c;iaUn, a,e„t. inciu.. an.v.r-.. 

carried cut enzymatically "^"^ ^"^ 4,092,«73. 
e>ose described by OKa^to et al -J;^-/;^^;^ 
once fcrmed, the acyl derivatives can b, separ 

-"^'^ ".rrri:": be prepared by esterl- 
acation tecbnl^ee ,eneraUy .ncwn In the art such 
Is fcr e.a.ple, treatment of the compound with a 
st;ichlo»etrlc quantity (or a slight e.cess, c.^ 

u *e an acvl anhydride, in an 
ranrt' r /rie. at about O-C to 

r roo. te^perature .or .ro. 
tours until esterllication is substantially 
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The ester derivative can be isolated fro. the reaction. 
fixture by standard procedures such as extraction, 
chromatography and crystallization. , V . 

useful esters are those of organic acids . 
including aliphatic, cycloaliphatic, aryl, araW. 
:irocy:iic carboxylic. sulfonic and ^^^^^^^ ^ , 
acids of from 1 to 18 carbon atoms, and of inorganic 
acids, such as sulfuric and phosphoric acids. . .^^^^ ^ 

Representative suitable esters include those 
derived from acids such as formic, acetic, chlorp- • 
■° acetic, propionic, butyric, isovaleric, glucuronxc, 
alkoxycarbonic , stearic, cyclopropanecarboxylxc, 
cyclohexanecarboxylic, e-cyclohexylpropion.c, 1- 
a'amantanecarboxylic, benzoic, P^^^-f/-^™;. 
acetic, mandelic and 2-thienylacetic acids, and^alkyl , 
aryl-, and aralkyl-sulfonic acids, the aryl- and 
Llikyl- acids optionally bearing substituents such as 
halogen, nitro. lower alKoxy and the like - ^« 
aromatic moiety. Suitable esters also include hemi 
esters derived from dicarboxylic acids such as succxnxc. 
'° maleic. fumaric, malonic and phthalic acids. 

Tylactone can be prepared by culturing a 
strain of Streptomxces fradiae which produces this 
compound under submerged aerobic conditions xn a suxt- 
able culture medium until a substantial amount of the 
" desired compound is produced. 

The culture medium used to grow the Strepto- 
n,yces fradiae can be any one of a number of media For 
™7ir;^oduction. optimal yield, and ease of ^ 
product isolation, however, certain culture medxa are 
preferred. Thus, for example, preferred carbon sources 
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preferred. 
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i„ lar,e-.cUe fermentation inclua. 

Z dextrin, glucose, starch, and com ».al and oil. 

"l a. soybean oil. Preferred nitrogen sources 

such a. soyue . ^^^^^ 

include com meal, soybean meal, flsn m , 

II the liXe. ;-n, the nutrient inorganic salts which 
^ be incorporated in the culture media are the 
rstomary soluble salts capable of yielding iron, 
.^tassium, sodium, magnesium, calcium, ammonium, 
fhoide. carbonate, sulfate, nitrate, and ll.e ion . 

Essential trace elements necessary for the 
„o«th and development of the organism 
deluded in the culture medium. Such trace elements 
™Irlv occur as impurities in other constituents of 
U in amounts sufficient to meet the growth 
Te^ile^nts of the organism. It may be necessary to 
requir ^„ m « n 2 ml/D of an antxfoam agent 

^AA ■small atmounts li.e. u.^ luj./"/ 

hTs polypropylene glycol ,M.W. about .OOO^o 
large-scale fermentation media if foaming becomes a 

For production of substantial guantitie, of 
tylactone submerged aerobic fermentation in tan., is 
preferred. Small quantities of tylactone may be 
Ltained by shake-flask culture. Because of time 
lao rn production co-only associated with inoculation 
of llge tanks with the spore form of the organism, t 
" Is preferable to use a vegetative inoculum. The vege- 
tative inoculum is prepared by inoculating a small 
: iLe Of culture medium with the spore fo™ or myc U, 
fragments of the organism to obtain a fresh, actively 
. olg culture of the organism. The vegetative 

5° Inoculum is then transferred to a larger tank. The 
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medixun used for the vegetative inoculum can be the sama 

as that used for larger fermentations, but other media 
can also be used. 

The method of this invention comprises 
culturing a new microorganism which was obtained by 
chemical mutagenesis of a Streptomyces fradiae strain 
which produces tylosin. The new microorganism produces 
only minimal amounts of tylosin, but produces ty lactone 
as a major component. 

This invention also relates to the new micro- 
orgeuiism which produces tylactone. The new micro- 
organism is also classified as a strain of Streptomyces 
fradiae. A culture of this microorganism has been 
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deposited and made part of the stock culture collection 
of the Northern Regional Research Center, Agricultxiral 
Researchi North Central Region, 1815 North University 
Street, Peoria, Illinois, 61604, from which it is 
available to the public under the accession number NRRL 
12188. 

As is the case with other organisms, the 
characteristics of Streptomyces fradiae NRRL 12188 are 
subject to variation. For example, recombinants, mu- 
tants or variants of the NRRL 12188 strain may be 
obtained by treatment with various known physical and 
chemical mutagens, such as ultraviolet light, X-rays, 
geonma rays, and N-methyl-N' -nitro-N-nitrosoguanidine. 
All natural and induced variants, mutants and recom- 
binants of Streptomyces fradiae NRRL 12188 which retain 
the characteristic of tylactone production are a patt 
of this invention. 
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. KRRL 12188 can be grown at tetn- 
S. fradiae NRRL 12i optimum 
— T^out 10' and about 4U v. 

peratures between about 1 

production of tylactone appears 

atures of about 28 «C. submerged culture 

" 'MnrrTs Tubbled tbroug. tbe culture 
processes, sterile axr production the per- 

ledium. For efficient ^^^^"^^^^^^^^^^^ should be 

cent of air saturation or tan P^^ ^^^^^^^^^ 
^ut 30% or above (at 28 

pressure) . tylactone can be followed 

production of tyj- e,moles of the 

«4.ation by testing samples ot 
during the ^-^^""^'"""^rlnc liquid chromatography 
.roth, using --^//f^^^^^^^ for example, ..H 

••h » OV detection sy5ii'=» 492-495 
with a uv u ,.„„raDhio Science, 
Kennedy in J^.ChroEato2raE!;i 

• „ its production under submerged 
Following Its pr ^rtone can be 

„robic Ion -diu. ^ .etnoa. us.* 

^covered from the ,j u>e limited s=lu- 

i„ the fermentation art. altogether 
° biiitV o« tviactone i" ,„,.«d. Ke- 

,.luble in the ^^^^ ba accompUshad by 

coverv o. tyXactone the««o-^_^ 

1, e:.traction oJ ^.^^^ „a extraction of 

tration of the „,«iial caXe. ^ 

« both the filtered broth and 

.ariety of J//^ J^l^.^e for purification of 

processes. ...ractin, the broth 

Altered broth '■'^'^ „,,n a suitable 

30 lirt^hrr-ate or petroleum ether, con- 
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. • " . nhase under vacuum to give 

centraUn, ^'^ °J^^'l^ZZT U obtained, it b. 

crystals or an oil. ir an ° 

purified by adsorption chromatography. 

The compounds of structures 1 and 2 are 

•° ir;;;iMe of producinc, tylcsin except that 

.....ed J:rir:a;a.xe .ro...... tylcsin 

except that it is hloCed ^".'^rlactone fetation ^ ^ 
obtained by treating a tylosin-prodacin, strain »ltn 
15 ° Z screeninc survivors for those which are 

TOtagen and screening ^^ivors which are 

unable to produce tylosin. .hose survi/or 
Tatle to produce tylcsin are further bc^-'Y" 
TefeLine which strains are also unable to produce 
tyltrtone. These strains are identified ^ ^^'^^ 
2° tylactone to s^ll shaKe-flas. cultures of the selected 
.Lvivors to determine if they produce y^=^. ^ ^ 
Streptom^ces fradiae strains 

of streptomyces strains which 

NPRT 2703 are examples or aT:refc'u»->i»i 

a^c pable of producing tylosin. A typical mutagen 
Which may be used to obtain the selected strains is 
N-methyl-N'-nitro-nitrosoguanidme, 

The compound of structure 1 is especially 
. ^ in the preparation of labeled compounds for 
ra^Uc :rud!es^ By labeling '^^-^^^l^' 
portion or the added sugar moieties, the metabolic 
pathway of tylosin can be ascertained. 
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dar to illustrate n«re fully the opera 
in order to il ^^^pies are 

tion of this invention, the 

provided: 

K V. flask Fennentation_ot^^ 

^ U188 was di-P-^^^;; 5 was used to inocu- 
, portion of this -^^^^ '^.^ .he following 

late a vegetative medium (150 



composition: 

Tnt jredient 
corn steep liquor 
yeast extract 
soybean grits 
CaCOj 

soybean oil (crude) 
Deionized water 




20 



25 



Deionized waT^et 

lively a vegetative- culture of S. 
Alternatively, volumes, in 

fradiae 12188 P^-^;^;^^^^, used to inocu- 

H-Tnitrogen was rapidly tha ^^^^^^^^^^ ^^^^^^^^^^ 

late the vegetative medium. ^.lenmeyer flask at 

n^edium was incubated m ^^g^a-box shaker at 

29-C. for about 48 hours on a 

about 300 rpm. vegetative medium (0.5 ml) 

Tatl a production medium 

was used to inoculate ' ^ 
Zi^, the fouo-in, cc.posxt.cn. 
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Amount (%) 



In gredient 

Beet molasses 
Com meal 
Fish meal 
Corn gluten 
NaCl 

^*^°3 . 3.0 

91.36 



2.0 

1.5 

0.9 

0.9 . 

0.1 

0.04 



Soybean oil (crude) 

De ioni zed . water 

The inoculated fermentation medium was incu- 

c« 1 K^t-tie at 29«C. for about 6 days on a 
bated in a 50-ml bottle at 

closed-box shaker at 300 rpm. 
B '^^r.^r Fermentat ^^-^ r.f Tvlactone 

in order to provide a larger volume of inocu- 
lum, 60 ml Of incubated vegetative 

. ' 4- /^cer-T-ibed in section Ap was 
' s^Uar to aesc. be^_^ ^^^^^^^^^^ 

used to inoculate 3 b ot a 

,rc«th medium h.vin, the followin, composxtxin: 

^ . ^ Am ount (%) 
Inc^redient 

Corn steep liquor 
Soybean meal 



1.0 
0.5 
0.5 

Yeast extract 
25 0.3 

^*^°3 0 5 

Soybean oil (crude) 



0.015 
97.185 



30 



Lecithin (crude) 
Water 

*-r. a ^ with 50% NaOH solution. 
The pH was adjusted to 8.5 witn a 
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This second-.tage vegetative median «.. 

Amount (%)_ 
Tn aredient — 

0.92 

Fish meal ^ 5^ 

Corn meal ^ ^2 

10 corn gluten ^ 2i 

CaCOj 0 10 

NaCl 0^04 
(ira4)2HP04 2.10 
Beet molasses ^ 
15 soybean oil (crude) ^'^^ 

Lecithin 

..e PH was adjusted to 7.2 wit. 50. .aOB solution 
.ne inocuiatea production .ediu. was aUowed 
. 68-liter tank tor about 5 days at a 
to ierment in a 68 j^^„,„t,tion .nealum was 

temperature of 28 dissolved oxygen 

aerated with ^^/.^^ „.s stirred with 

T^^vel between about 30% ana au* 
rttional agitators at about 300 rp.. 
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Example 2 

Isol ation of Tyiactoiie 

Fermentatioh broth (1500 L) V obti:ine^ 
described in Example 1, was filtered using a filler aidi 
(3% Hyflo Supercel/ a diatomaceous earthy J6hf» A 
Corp.). The pH of the filtrate was adjusted^ %o'^'ibout 9 
by the addition of 2% sodium hydroxide. The i^'tarate 
was extracted with amyl acetate (400 L). The anyl 
acetate extract (which has a high optical density 
reading at 282 nm but no antimicrobial activity) was 
concentrated under vacuum to give an oil. The oil was 
dissolved in benzene (5 L) • The benzene sblutlbii was 
chroma tographed over a 5.25 x 36 in. siiica-gel (Grace, 
grade 62, Davison Chemical Co.) column, packed with * r 
benzene. Elution is monitored by silica-gel thin- 
layer chromatography, using a benzene: ethyl acetate 
(3:2) solvent system and cone, sulfuric acid spray for 
detection. The colvimn was first eluted with benzene to 
remove lipid substances, then with benzene :ethyl 
2° acetate (9:1) to separate and isolate tylactone. 

Fractions containing tylactone were combined and evap- 
orated' under vacuum. Tylactone was crystallized from 
benzene-hexane or hot hexane to give about 2 g, m.p. 
162-163**C. 

25 The infrared absorption spectrum of tylactone 

in chloroform is presented in the accompanying drawing. 

Tylactone is a white solid which crystallizes 
from hexane or ethyl acetate-hexane and which melts at 
about 162-1 6 3 *C. It has the following approximate 
percentage elemental composition: carbon, 70%; hydro- 
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50 3% It has an empirical formula 
gen, 9.7%; oxygen, 20.3%. » 
% ; H 0 and a molecular weight of about 394. 
° Ihe infrared absorption spectrum of tylactone 

• chloroform is shown in the accompanying drawing, 
rerbl Tbsorption maxim, occur at - following 
regencies (cm-): 3534 (medium), 2S24 -ong ; "93 

riii;orirer;:t4o:\r^^^^^^ ^^mau) ine 

(strong), HO^ ^meaiuw; , (strong), 
1025 (medium), 984 (very strong), 958 (strong;, 
small). 1025 (meaium, , (small), 868 (medium), 

923 (medium), 911 (shoulder), 859 (small), 

! ^snm^ 820 (very small) and 661 (small). 
340 (medium^.) , 820^(^ J^^ ^^^^^^^^^ ^ 

...actone in neutral ethanol exhibits an absorption 

— X::Z\Z Th^e^^ouLilg specific rotation: 
ta)^^ -55.23' (e 1, CH3OH) . 
Electrometric titration of tylacton. in 66% 
,<^eous di^nethylfo^amide Indicate, it has no t.trata- 

'""'°;yXactone is nearly insoluble in water, 
but is soluble in organic solvents such a. acetone, 
I:thanol, ethanol, di^ethylfonna^de. 
aiethyl ether, petroleu. ether, benzene and dimethyl 

sulfoxide. ^^^^^^^ can be distinguished fro. tylosin ^ 
, ,hin-laver chromatography. Sulfuric acid 
by slUca-gel 'h-J'^J'^ ,50*), »ay be used 

spray, either concentratea or a 
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to. detection. With thi, detection ^^'^^ 
appear, initially a. a yeUow-to-bro.-n .pot. If^.iUc. 
Z Plete. wiU. a fluorescent bacKground «re »»*J^ S 
the Lomatcraphy, OV detection U '^'"^^^ 
approxi^te M values of tylactone are su—xlxed In ^ 

Table 1. 

Table 1 ' 
^K.n-T.. Yer chr -^^^^^rai^hv of Tylactone*, 

Rf Value 

1° 1^ r 



Compound 
Tylactone 
Tylosin 

^Medium: Silica gel 



0.50 0.62 
0.0 0.0 



Solvent- A - benzene: ethyl acetate (4:1) 
15 solvent. A _ ^^hyl acetate (3:2) 



Example 3 
7 ^ s.Di-o-Rcet yltYlactone 

Tylactone (200 mg) , prepared as described in 
Example 2. was dissolved in pyridine (4 ml) . Acetic 
aXdride (4 ml) was added. The resulting mxxture was 
aUcwed to stand at room temperature for 16 hours and 
then concentrated to dryness under vacuum. Methanol 
Ts ml) was added to the residue; the solutxon heated 
" t Too for 1/2 hour and then concentrated under vacuum 
to give 3,5-di-O-acetyltylactone. This compound has an 
Z value Of about 0.59 on silica-gel thin-layer chroma- 
tography in a benzene :ethyl acetate (4:1) solvent 
3, system. The R, of tylactone in this system xs about 

0.3. 



• 
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Examples 4^:1 
3 5-Di-O-propionylty lactone, prepared according 
to the procedure of Example 3, but using propionic^ 

anhydride. , .-^^ 

3 5-Di-O-isovaleryltylactone, prepared 

according to the procedure of Example 3, but using ^ , 

isovaleric anhydride. ' ^«^<„„ 

3 5-Di-O-benzoyltylactone, prepared according 

to the procedure of Example 3, but using benzoic 
anhydride.^ 5_Di-o- (n-butyryl) tylactone, prepared 
according t^ the procedure of Example 3, but using 
n-butyric anhydride. 

Example 8 

T> ..n.ration Tylosin from Tylactone 

A streptomyces fradiae strain which formerly 

. . . .^x.i~u vfas birtcked in macrolide 
nroduced tylosln out was d— w 

rCclosure was fermented according to «.e proced^ 
described in Bx,.ple X, Section except ^^t a te. 
.erature o£ 28'C was used. Tylactone was added to the 
rl ration 48 hours after inoculation. The fer»en- 
TaUon was then continued until a substantxal a^unt of 
tTol was produced, i.e. about three additional day.. 
The presence of tylosin is deten.lned by testing 
samples of the broth against organisms known to be 
sensitive to tylosin. One useful assay organxsm xs 

staphylococcus aurSHi 'l"" ^'"""^ " " 

Z:^i:^[r^tor:^^ by an automated turbxdometr.c 
method, by thin-layer chromatography or by high- 
performance li^id Chromatography with UV detection. 
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CLAIMS 

1. A process for preparing ty lactone, or 
an ester derivative thereof, which comprises cultivating 
Streptomyces fradiae NRRL 12188, or a tylactone- 
producing mutant or recombinant thereof, in a culture 
medium containing assimilable sources of carbon, nitrogen^ 
and inorganic salts under submerged aerobic fermentation 
conditions to produce tylactone, followed, optionally, 
by ester if icat ion. 

2. A process according to claim 1 which 
comprises cultivating Streptomyces fradiae NRHL 12188* 

3. Streptomyces fradiae NRRL 12188. 

4. A culture medium which comprises Strepto- 
myces fradiae NRRL 12188 and assimilable sources of 
carbon, nitrogen and inorganic salts. 

5. Tylactone or an ester derivative thereof 
whenever prepared by a process according to either of claims 
1 and 2. 
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